Circulation Journal Official Journal of the Japanese Circulation Society http://www. j-circ.or.jp he advent of cardiopulmonary bypass (CPB) has enabled cardiovascular surgeons to perform complex, life-saving procedures with relative ease while protecting end-organ function. Altering the normal pulsatile blood flow to non-pulsatile continuous flow has raised concerns over potential detrimental hemodynamic and physiologic consequences. Concerns over long-term non-pulsatile flow drove the design for the original pulsatile mechanical circulatory support devices. Unfortunately, the increased number of mobile parts required to generate pulsatile flow has rendered this technology inadequate for destination mechanical assistance. 1 Second-and third-generation continuous flow left ventricular assist devices (LVAD) such as the HeartMate II (Thoratec, Pleasanton, CA, USA) and HVAD (HeartWare, Framingham, MA, USA) use minimal wearable parts, which has decreased concerns over long-term durability and pump failure. 2 Over the past several years we have witnessed thousands of patients survive for years with preserved end-organ function in the presence of non-pulsatile LVAD flow. Although patients are living longer with these non-pulsatile flow devices, it has become evident that there is a new subset of pathology that is germane to continuous flow. The advent of de novo aortic insufficiency, gastrointestinal and cerebrovascular arteriovenous malformations, and acquired von Willebrand disease has been witnessed in this patient population. 3 Though these long-term issues are not directly applicable to CPB, because of its acuity, they stress the importance of pulsatile flow in normal circulatory function.
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It has been known for years that CPB initiates an intense inflammatory and coagulopathic state. The ability to ameliorate this response could be quite beneficial to postoperative patients' outcomes and the preservation of organ function. Numerous studies have clearly documented the release of inflammatory cytokines, growth factors and endothelial cell activation with the institution of CPB. This deleterious sequence of events appears to be related to multiple factors, including ischemiareperfusion injury associated with cardioplegic arrest, interaction between blood and the artificial circuitry of the CPB circuit, and endothelial cell activation with subsequent release of cytokines. Endothelial activation is associated with eNOS activation, upregulation of Akt and ERK 1/2 pathways, and upregulation of endothelial cytokines and inflammatory markers (ie, VEGF, MCP-1, vWF, ACE). 4-6 Moreover, the systemic manifestation of this post-CPB systemic inflammatory response (SIRS) can be quite pronounced. 7 From a pulmonary standpoint, this manifests as increased pulmonary resistance and poor alveolar oxygenation, necessitating prolonged ventilator support. 8 The SIRS response can be profound enough to mediate hepatic and renal failure.
Recent studies have demonstrated that reducing the length of tubing that is used in the CPB circuit (ie, "miniaturized CPB") can result in reduction in the inflammatory response and SIRS that ensue. 9 The thought that revascularizing the heart without the use of a CPB circuit minimizes the inflammatory cascade has prompted surgeons to pursue off-pump coronary artery bypass grafting (OPCAB). Numerous clinical trials have attempted to demonstrate a clinical benefit with OPCAB as compared with standard on-bypass CABG, but have failed to show a clear cut benefit of 1 technique over the other. Though a clinical benefit has not been demonstrated, a significant reduction in the inflammatory cascade that has been associated with using the CPB circuit has been clearly demonstrated with beating heart coronary revascularization vs. standard arrested heart on-pump coronary artery bypass. 10-12 But, given concerns over the quality of revascularization, low ejection fraction, and the learning curve associated with good outcomes, many believe that on-pump CABG may still be a better strategy for revascularization. Additionally, CPB remains a must for cardiovascular surgical repair of structural heart disease (ie, valvular, aortic). As such, we must continue to search for means of minimizing inflammation and stress associated with CPB.
In this issue of the Journal, Drs Serraino and colleagues have presented the results of their very interesting study of the use of CPB with continuous intra-aortic balloon pump counter pulsation to generate a pulsatile CPB circuit. 13 The authors conducted a randomized, prospective clinical trial in which 501 CABG patients were randomized to either standard non-pulsatile CPB or pulsatile CPB. They investigated both activation of the inflammatory pathway and injury to end-organs (liver, kidney, lung). They demonstrate very clear improvements in endothelial activation and end-organ function. There were significant improvements in liver function (coagulation, metabolic parameters), lower rates of renal failure, and improved alveolar gas exchange. The investigators should be commended for their novel study. Their data raise the question of whether we should change our current paradigm and investigate means of generating pulsatile flow during CPB. There is no question that we have had excellent clinical results with the current CPB circuits, but the results presented by Drs Serraino and colleagues bring into question whether we should be seeking to further improve our techniques. This strategy, though proven beneficial with coronary revascularization, may have a more beneficial effect in cases of traditionally longer CPB times: aortic surgery, and complex valve and coronary surgery. Moreover, these findings raise the question of whether patients supported with extracorporeal membrane oxygenation would benefit from concomitant insertion of an intra-aortic balloon pump with continuous aortic counter pulsation in order to provide a pulsatile flow. Clearly though, despite the very encouraging results of this study, further investigation should be performed in order to determine the clinical benefit. Additional multi-institutional clinical trials should be performed.
